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ABSTRACT

Cruise F2-90-HW was the eleventh of a fourteen cruise expedition to map the Hawaiian 

EEZ using the long-range side-scan sonar, GLORIA. The area surveyed imaged the Hawaiian 

Ridge south and west of Necker Island. In addition to GLORIA imagery, the study also collected 

seismic-reflection profiles, 3.5 kHz high-resolution profiles, 10 kHz bathymetric profiles, magnetic 

and gravity data, and upper water column temperature profiles.

The preliminary results show the horst and graben structure of the Cretaceous seafloor 

spreading fabric west of 180° longitude and their associated magnetic anomaly pattern. Over 20 

submarine rift zones are identified and show that rift zones play a significant role in the forma 

tion of the Hawaiian Ridge. Lava flows, of moderate size, are visible only in the central portion 

of the survey area.

The mass wasting processes along the western ridge appear to change from a dominance 

of debris avalanches seen on the younger islands to the east to less catastrophic slumps and 

debris slides. Only 2 debris avalanches can be identified in the GLORIA imagery for the western 

ridge and are the 4th and 5th largest mapped in the Hawaiian EEZ. The largest Hawaiian slump 

yet mapped is imaged off Gardner Pinnacles and shows a basin 9 km wide and 55 km long 

formed by the back-rotation of the slump block and a toe scarp that can be traced continuously 

for 90 km. Five progressive slumps have been identified and are viewed as a major mode of 

failure along the western Hawaiian Ridge.

Submerged terraces are imaged off Maro Reef, Pioneer Bank and La Perouse Pinnacles 

and are similar in appearance to submerged reefs imaged and sampled off Maui. Finally, bot 

tom currents are seen to be actively migrating east towards the base of the Hawaiian Ridge as 

evidenced by the presence of a 11,000 km2 bedform field imaged in the western portion of the 

survey area.



INTRODUCTION

Cruise F2-90-HW was the eleventh cruise conducted as part of a programmed survey of 

the Hawaiian Island Exclusive Economic Zone (EEZ). The multi-year co-operative program 

EEZ-SCAN of the United States Geological Survey (USGS) and Institute of Oceanographic Sci 

ences (IOS), United Kingdom, is using GLORIA, a long-range side-scanning sonar, to image the 

territorial waters of the United States. The objectives of the program are to provide the first 

comprehensive survey of the Hawaiian EEZ as well as produce three reconnaissance-scale 

atlases of the sea-floor surface around the Hawaiian Island chain .

Cruise F2-90-HW is the third survey of the southern Hawaiian EEZ west of Necker Island 

(fig. 1). Two previous cruises, F13-89-HW (Pickthorn et al., 1991), and F1-90-HW (Kayen et al., 

1990) surveyed the mid to outer limits of the 200-mile southern EEZ west of Necker Island. 43 

tracklines were run during F2-90-HW to survey the southern territorial EEZ (fig. 1). The first two 

tracklines were run between Nihoa and Necker Islands to fill gaps left by previous cruises. This 

suite of three cruises lie adjacent and west of the area surveyed by F10-88-HW (McGregor et 

al., 1991). The remaining northern territorial waters of the Hawaiian EEZ were surveyed in 

1991.

Operations on-board the R.V. Fame Ha were directed towards the collection of a variety of 

geophysical and acoustic data. These included: GLORIA long-range, dual channel side-scan 

sonar images; two-channel seismic-reflection profiles using an air-gun sound source, 3.5 kHz 

high-resolution profiles, 10 kHz bathymetric echo profiles, magnetic and gravity field records, 

and upper water column temperature profiles using expendable bathythermo-profilers.
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OPERATIONS

The R.V. Famella, registered in Hull, United Kingdom (U.K.), was used as a research plat 

form for conducting GLORIA and accompanying geophysical surveys. The Farnella is under 

lease to the U.S. Geological Survey through the institute of Oceanographic Sciences Deacon 

Laboratory (IOSDL), Wormley, England. IOSDL personnel are responsible for operations involv-



ing GLORIA and GLORIA image processing. IOSDL is also in charge of deck operations and 

maintenance of geophysical gear. Acquisition and processing of navigation data was performed 

by both USGS and RVS personnel. The USGS personnel monitored the gravimeter, magnetom 

eter, seismic reflection, 3.5 kHz and 10 kHz recording systems. The co-chief scientists coordi 

nated and supervised cruise planning and shipboard operations. Additionally, co-chief scientists 

produced two GLORIA field mosaics. The results presented here are the initial interpretations 

and should be considered preliminary observations.

Summary of Field Operations

The shipboard calendar is presented in Julian Day/Greenwich Mean Time (GMT), for major 

operations of F2-90-HW . Converting to local Hawaiian time is done by subtracting 10 hours 

from GMT. Figure 1 is a geographic reference for the region covered by this survey showing 

bathymetry and trackline coverage.

Day 029 (Monday, January 29)
0000 Shipboard gravity meter was on when we arrived. 
1839 Gravity tie of shipboard meter at pier 9, Port of Honolulu 
2100 Shoved off Pier 9, Port of Honolulu, weather sunny 

and choppy seas.

Day 030 (Tuesday, January 30)
1830 Began deploying gear. Weather clear & choppy.

Starboard 3.5 kHz system noisy, deployed spare 3.5 kHz fish.
2006 Deploy XBT #084 T-04
2007 GLORIA turned on
2242 SOL - 1 (23° 05.65 'N, 162° 25.

Day 031 (Wednesday, January 31)
1300 EOL - 1 (22° 59.00'N, 164° SS.OS'W)
1305 SOL - 2 (22° 59.08 'N, 164° 38.7-W) Weather clear,

moderate swell 
1719 EOL - 2 (23° 01.57'N, 165° le.SO'W)
1728 SOL - 3 (23° 02.01 'N, 165° 17.78^) 
1922 Deploy XBT #85 T-04

Day 032 (Thursday, February 1)
0813 EOL - 3 (23° 40.30'N, 167° 26.14-W) 
0823 SOL - 4 (23° 39.63 'N, 167° 27. 
1003 EOL - 4 (23° 26.2'N, 167° 31 . 
1012 SOL - 5 (23° 25.74'N, 167° 32.67-W)

Weather clear, moderate swell 
1 707 Deploy XBT #86 T-04



Day 033 (Friday, February 2)
1845 Deploy XBT #87 T-04

Weather cloudy, moderate choppy swell

Day 034 (Saturday, February 3)
2036 Deploy XBT #89 T-04 (#88 a bust) 
2359 Replace 3.5 fish (noisy)

Day 035 (Sunday, February 4)
2023 Deploy XBT #90 T-04 

Weather moderate

Day 036 (Monday, February 5)
0452 3.5 recorder malfunction
1338 EOL - 5 (27° 47.09'N, 177° 46.67'E)
1351 SOL - 6 (27° 48.51 'N, 177° 45.29'E)

Weather moderately rough, rolling seas 
1540 EOL - 6 (28° 04.06'N, 177° 43.15'E) 
1553 SOL - 7 (28° 04.79'N, 177° 44.41 'E)

Heavy seas

Day 037 (Tuesday, February 6)
0155 Problem with GLORIA power-switched amps no data loss 
1942 Deploy XBT #91 T-04

Day 038 (Wednesday, February 7)
0919 EOL - 7 (26° 13.20'N, 175° 55.241/V) 
0931 SOL - 8 (26° 13.88'N, 175° SS.SO'W) 
1100 EOL - 8 (26° 27.11'N, 175° 48.891/7) 
1112 SOL - 9 (26° 28.36'N, 175° 49.78-W)

Heavy swell, approaching gale forced us to turn back and survey 
western field area first. 

2200 Swap out 3.5 kHz fish again (noisy!) 
2336 Deploy XBT #92 T-07

Day 039 (Thursday, February 8)
2017 Deploy XBT #93 T-04 (27° 56.8'N, 179° 11.3'E) 

Weather sunny but heavy swell and windy

Day 040 (Friday, February 9)
0604 EOL - 9 (28° 22.15'N, 177° 45.12'E) 
0614 SOL -10 (28° 23.41'N, 177° 44.01'E) 
0749 EOL -10 (28° 37.67'N, 177° 45.23'E) 
0802 SOL - 11 (28° 38.57'N, 177° 46.72'E) 
1900 3.5 fish replaced and recorder malfunction 

Started mosaicking data

Day 041 (Saturday, February 10, Hump Day)
1415 GLORIA depth, pitch and roll sensors temp, down due to seas
1822 Deploy XBT #95 T-04 (27° 04.3'N, 176° 54.51/V)
1336 Deploy XBT #96 T-04 (27° 03.7'N, 176° 52.51/7)
2033 EOL - 11 (26° 58.35'N, 176° 34.291/V)



2044 SOL -12 (26° 57.29'N, 176° 33.22^
Maneuver around Salmon Bank 

2246 EOL -12 (26° 41.46'N, 176° 26.16^) 
2319 SOL -13 (26° 42.54'N, 176° 26.23^ 

Heavy seas

Day 042 (Sunday, February 11)
0043 EOL -13 (26° 53.55'N, 176° 20.47^) 
0054 SOL -14 (26° 53.92'N, 176° 18.92-W) 
0353 EOL -14 (26° 46.32'N, 175° 51.83-W) 
0401 SOL -15 (26° 45.47'N, 175° 51.22-W) 
0739 EOL -15 (26° 15.89'N, 176° 01.23^) 
0750 SOL -16 (26° 14.77'N, 176° 00.64-W)

resuming eastern data coverage 
2230 Problem with solenoid after air-gun servicing

Day 043 (Monday, February 12)
1830 Deploy XBT #98 T-04(24° 39.7'N, 170°40. 

Heavy seas

Day 044 (Tuesday, February 13)
1615 EOL -16 (23° 38.91'N, 167° 20.68 W) 
1625 SOL -17 (23° 39.37'N, 167° 19.49^ 
1802 EOL -17 (23° 52.65'N, 167° 14.82^) 
1812 SOL -18 (23° 53.81'N, 167° 15.43^ 
1822 Deploy XBT #99 T-04(23° 54.3'N, 167° 17.Q-W) 

Heavy seas

Day 045 (Wednesday, February 14)
1817 Deploy XBT #100 T-04(25° 01.7'N, 171° 00.3-W)

Day 046 (Thursday, February 15)
0009 EOL -18 (25° 18.65'N, 171° 56.96^) 
0018 SOL -19 (25° 18.30'N, 171° 58.40^

Maneuver around Northhampton Seamounts 
0101 EOL - 19 (25° 12.85'N, 172° 02.84-W) 
0111 SOL - 20 (25° 12.47'N, 172° 04.18-W) 
0253 EOL - 20 (25° 23.64'N, 172° 16.01 -W) 
0259 SOL - 21 (25° 23.83'N, 172° 16.23^) 
0420 EOL - 21 (25° 19.26'N, 172° 29.61 'W) 
0439 SOL - 22 (25° 18.59'N, 172° 28.65^) 
0554 EOL - 22 (25° 28.92'N, 172° 32.77-W) 
0601 SOL - 23 (25° 29.63'N, 172° SS.SO'W) 
1345 EOL - 23 (25° 51.64'N, 173° 46.39^ 
1354 SOL - 24 (25° 51.56'N, 173° 47.92'W)

Maneuver around Lisianski Is. 
1502 EOL - 24 (25° 44.79'N, 173° 55.20^) 
1525 SOL - 25 (25° 44.12'N, 173° 54.03-W) 
1739 EOL - 25 (25° 57.82'N, 174° OS.SO'W) 
1741 SOL - 26 (25° 58.08'N, 174° 09.16'W)



1827 Deploy XBT #101 T-04(26° 00.1 'N, 174° 15.8-W)

Day 047 (Friday, February 16)
0542 EOL - 26 (26° 32.61 'N, 176° 02.33-W) 
0552 SOL - 27 (26° 33.77'N, 176° 02.96-W) 
0725 EOL - 27 (26° 46.99'N, 175° 58.61 'W) 
0735 SOL - 28 (26° 47.61 'N, 175° 57.43^ 
1553 EOL - 28 (26° 23.21 'N, 174° 36.84-W) 
1600 SOL - 29 (26° 23.24'N, 174° 35.81 'W)

Maneuver around Lisianski and Pioneer Bank 
1634 EOL - 29 (26° 27.20'N, 174° 32.28-W) 
1658 SOL - 30 (26° 27.31 'N, 174° 33.76-W) 
1811 Deploy XBT #102 T-07(26° 24.5'N, 174° 22.3-W) 
2230 Change 3.5 kHz fish again (noisy)

Day 048 (Saturday, February 17)
0050 EOL - 30 (26° 09.26'N, 173° IS.eO'W)
0105 SOL - 31 (26° 07.59'N, 173° 17.0Q-W)
0211 EOL - 31 (25° 58.31 'N, 173° 12.66'W)
0214 SOL - 32 (25° 57.91 'N, 173° 12.28-W)
1848 Deploy XBT #103 T-04(25° 10.0'N, 170° 33.9-W)
2229 Replace 3.5 fish

Day 049 (Sunday, February 18)
0341 Replaced tape drive on the MASSCOMP 
0713 Guns down due to hose puncture after servicing 
1558 EOL - 32 (24° 13.81 'N, 167° 28.95^) 
1606 SOL - 33 (24° 14.19'N, 167° 28.03'W)

Attempt to survey the gap between Gardner Pinnacles and
St. Rogatien Bank-lost GLORIA heading sensor due to heavy
seas required course change 

1729 EOL - 33 (24° 25.91 'N, 167° 28.01 'W) 
1741 SOL - 34 (24° 26.74'N, 167° 29.66-W) 
1812 Deploy XBT #104 T-04(24° 26.7'N, 167° 34.7-W) 
1912 EOL - 34 (24° 26.70'N, 167° 44.59^) 
1920 SOL - 35 (24° 26.06'N, 167° 45.49-W) 
2002 EOL - 35 (24° 19.80'N, 167° 45.55^) 
2009 SOL - 36 (24° 18.85'N, 167° 45.05-W) 
2314 EOL - 36 (24° 10.76'N, 167° 17.45-W) 
2322 SOL - 37 (24° 09.88'N, 167° 16.72'W)

Heavy seas

Day 050 (Monday, February 19)
0103 EOL - 37 (23° 55.94'N, 167° 21 .eS'W)
0113 SOL - 38 (23° 54.78'N, 167° 21.19-W)
1817 Deploy XBT #105 T-04(23° 09.7'N, 164° 49.5^
1950 EOL - 38 (23° 05.36'N, 164° 35.17-W)
2004 SOL - 39 (23° 06.30'N, 164° 33.87-W)
2240 EOL - 39 (23° 25.04'N, 164° 46.69^)
2246 SOL - 40 (23° 25.57'N, 164° 47.38^
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Day 051 (Tuesday, February 20)
0546 EOL - 40 (23° 44.91 'N, 165° 52.73-W) 
0551 SOL - 41 (23° 45.33'N, 165° 53.36-W)

Maneuver around French Frigate Shoals 
0808 EOL - 41 (23° 58.64'N, 165° OS.OS'W) 
0813 SOL - 42 (23° 58.95'N, 165° 09.86^) 
1205 EOL - 42 (23° 51.68'N, 166° 46.66^ 
1213 SOL - 43 (23° 51.92'N, 166° 47.91 -W) 
1707 EOL - 43 (24° 21.24'N, 167° 25.93-W)

End of data collection except gravity & maggie 
1838 Deploy XBT #106 T-04(24° 21.1 'N, 167° 25.7-W)

Day 052 (Wednesday, February 21)
Transiting to Honolulu

Day 053 (Thursday, February 22)
Transiting to Honolulu 

1953 At the dock, end of cruise, gravity land-tie taken

Trackline Summary

The following trackline endpoints were run for cruise F2-90-HW (fig. 1). Poor weather con 

ditions required us to modify planned tracklines to complete coverage of the western portion of 

the F2-90-HW mosaic while the weather held. For most of the cruise there were consistently 

strong winds and heavy swell from the north and east. (Note: SOL = start of line; EOL = end of 

line)

LINE NO.
LINE1
LINE 2
LINES
LINE 4
LINE 5
LINE 6
LINE 7
LINES
LINE 9
LINE 10
LINE 11
LINE 12
LINE 13
LINE 14
LINE 15
LINE 16

SOL
23° 05.65 'N, 162° 25.66^
22° 59.08'N, 164° SSJO'W
23° 02.01 'N, 165°17.78'W
23° 39.63'N, 167° 27.25^
23° 25.74 'N, 167°32.67'W
27° 48.51 'N, 177° 45.29'E
28°04.79'N, 177° 44.41 'E
26° 13.88'N, 175° SS.SO'W
26° 28.36'N, 175° 49.78^
28° 23.41 'N, 177° 44.01 'E
28°38.57'N, 177°46.72'E
26° 57.29'N, 176° 33.22^
26° 42.54'N, 176° 26.23 W
26°53.92'N, 176° 18.92 W
26°45.47'N, 175°51.22-W
26°14.77'N, 176° 00.64^

EOL
22°59.00'N, 164°38.03'W 
23°01.57'N, 165°16.50'W 
23° 40.30'N, 167° 26.14^ 
23° 26.20'N, 167° 31.28^ 
27° 47.091SI, 177° 46.67'E 
28°04.06'N, 177°43.15'E 
26° 13.201SI, 175° 55.24^ 
26° 27.11 U 175° 48.89^ 
28° 22.15^1,177° 45.12'E 
280 37.671SI, 177°45.23'E 
26° 58.35 , 176° 34.29^ 
26° 41.46'N, 176° 26.16^ 
26° 53.551SI, 176° 20.47-W 
26° 46.32'N, 175° 51.83'W 
26°15.89'N,176°01.23'W 
23° 38.91 'N, 167° 20.68 W



LINE 17
LINE 18
LINE 19
LINE 20
LINE 21
LINE 22
LINE 23
LINE 24
LINE 25
LINE 26
LINE 27
LINE 28
LINE 29
LINE 30
LINE 31
LINE 32
LINE 33
LINE 34
LINE 35
LINE 36
LINE 37
LINE 38
LINE 39
LINE 40
LINE 41
LINE 42
LINE 43

23° 39.37'N, 167° 19.49^
23° 53.81 'N, 167° 15.43 W
25°18.30'N, 171° 58.40^
25°12.47'N, 172° 04.1 8-W
25° 23.83'N, 172° 16.23^
25° 18.59'N, 172° 28.65-W
25° 29.63'N, 172° SS.SO'W
25°51.56'N, 173°47.92-W
25° 44.12'N, 173° 54.03^
25°58.08'N, 174° 09.1 eW
26° 33.77'N, 176° 02.96^
26° 47.61 'N, 175° 57.43 W
26° 23.24'N, 174° 35.81 'W
26° 27.31'N, 174° SSJB'W
26°07.59'N, 173° 17.00^
25° 57.91 'N, 173° 12.28-W
24° 14.19'N, 167° 28.03^
24° 26.74'N, 167° 29.66^
24° 26.06'N, 167° 45.49^
24° 18.85'N, 167° 45.05^
24°09.88'N, 167°16.72'W
23°54.78'N, 167°21.19'W
23° 06.30'N, 164° 33.87^
23° 25.57'N, 164° 47.38^
23° 45.33'N, 165° 53.36^
23° 58.95'N, 165° 09.86^
23°51.92'N, 166° 47.91 W

23° 52.65 7J, 167° 14.82-W
25° 18.65 TJ, 171° 56.96^
25° 12.85 7J, 172° 02.84-W
25° 23.64 7J, 172° IB.OI'W
25° 19.267J, 172° 29.61 W
25° 28.927J, 172° 32.77-W
25° 51.647J, 173° 46.39^
25° 44.79 -N, 173° 55.20^
25° 57.827J, 174° OS.SO'W
26° 32.617^,176° 02.33^
26° 46.99 7J, 175° 58.61 -W
26° 23.21 7J, 174° 36.84^
26° 27.207J, 174° 32.28^
26° 09.26 7J, 173° 18.60 'W
25° 58.31 'N, 173° 12.66 W
24° 13.81 7J, 167° 28.95^
24° 25.91 7J, 167° 28.01^
24° 26.707J, 167° 44.59^
24° 1 9.80 7J, 167° 45.55^
24° 10.76'N, 167° 17.45^
23° 55.94 'N, 167° 21.68^
23°05.36'N, 164°35.17-W
23° 25.04 7J, 164° 46.69^
23° 44.91 7J, 165° 52.73^
23° 58.64 7J, 165° Og.OS'W
23° 51.68 'N, 166° 46.66^
24° 21. 24 74,167° 25.93 W

Equipment Summary

Equipment employed for shipboard data collection is described below. Detailed compilation 

of shipboard data collection and performance of equipment is recorded in the DARE database 

for R2- 90-HW. Appendix I summarizes standard operational procedures established during the 

1986 surveys (Normark et al., 1987 and 1989).

Gravity Meter

The gravity meter, a LaCoste and Romberg S-53, functioned continuously for the entire 

cruise. A land-sea gravity tie was established at pier 9 in Honolulu before departure. Another 

land-sea gravity tie was established following the cruise so that drift corrections could be applied 

to the data. Gravity was recorded on magnetic tape and a strip-chart recorder.
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Magnetometer

The magnetometer was deployed on Day 030/1830 hrs. The data are recorded on both 

strip-chart and magnetic tape along with the gravity data. There were no serious problems with 

the system other than XBT wire on the sensor, which was retrieved to remove the wire. The 

magnetometer was recovered on Day 051/1707 hrs.

Expendable Bathythermographs (XBT's)

XBT probes were deployed once daily, to measure the thickness of the ocean surface 

mixed layer, and the thermocline temperature profile. Occasionally, XBT drops were canceled 

or failed due to excessive wind or ship motion. Two types of profiles were used: T-04 probes, 

capable of profiling to 460 m, and T-07 XBT's that can profile to 760 m. T-07 probes were gen 

erally deployed weekly while T-04 probes were used for the intervening 6 days. The system con 

sists of an XBT launcher and receiver, a GOES satellite transmitter, and a micro 

computer/controller for recording, data output, and data transmission, and performed well except 

for consistent data spikes at about 80 m and later at 320 m, apparently generated in the record 

ing system and not the XBT's themselves. The probe was launched using a 4 foot extension 

handle mostly from the port side of the vessel, 20' forward of the stern. The following list is a 

record of the location of daily XBT drops.

XBT DROPS

DAY NUMBER TYPE HUD DEPTH LATITUDE LONGITUDE
	(M)

030 84 T-04 3280 23° 16.4'N 162° 06.6^
031 85 T-04 4250 23° 06.9'N 165° 34.8^
032 86 T-04 4865 23° 43.1'N 168°30.5'W
033 87 T-04 4110 24° 50.2'N 172° 09.
034 89 T-04 5180 25° 49.1'N 175° 57.
035 90 T-04 5325 27° 01.3'N 179° 48.
037 91 T-04 5115 26°45.1'N 178° 10.5'W
038 92 T-07 4955 26° 54.6'N 177°58.4-W
039 93 T-04 5250 27° 56.8'N 179°11.3'E
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041
041
042
043
044
045
046
047
048
049
050
051

95
96
97
98
99
100
101
102
103
104
105
106

T-04
T-04
T-04
T-04
T-04
T-04
T-04
T-07
T-04
T-04
T-04
T-04

3470
2800
3400
4760
4770
4360
2800
4198
1810
3200
3750
4300

27° 04.3'N
27° 03.7'N
25° 45.5'N
24° 39.7'N
23° 54.3'N
25°01.7'N
26° 00.1 'N
26° 24.5'N
25° 10.0'N
24° 26.7'N
23° 09.7'N
24°21.1'N

176° 54.5*W
176° 52.5^
174° 21.5^
170° 40.1 W
167° 17.0*W
171°00.3*W
174°15.8*W
174° 22.3^
170°33.9*W
167°34.7*W
164°49.5*W
167°25.7-W

3.5-kHz High-Resolution Profiling System

The 3.5-kHz seismic-reflection tow fish was deployed on Day 030/1937 hrs. Problems with 

record quality began within the first few days of the cruise. On Day 034 the tow fish was 

replaced. However, record quality remained about the same. On Day 036 the stylus belt on the 

recorder lost synchronization and started shredding recording paper. The recorder continued to 

tear the record intermittently over the rest of the cruise. Each time the machine malfunctioned, 

the system would be down for 2-3 minutes. On Day 038 the drive motor was cleaned. Degrad 

ing record quality on Day 038 lead us to exchange the tow fish again, resulting in a decrease in 

noise content. On Days 040 and 046 the recorder lost synchronization again. On Day 047 the 

tow fish was again replaced because of poor record quality, however, record quality remained 

poor. On Day 048 the fish was repaired and replaced, resulting in improved record quality. The 

tow fish was recovered at Day 051/1707 hrs.

10-kHz Echo-Sounding System

The 10-kHz echo-sounding tow fish was deployed on Day 030/1916 hrs. The system 

worked well, with down time only for routine maintenance. The tow fish was recovered at Day 

051/1707 hrs.
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Two-Channel Seismic-Reflection System

The two-channel seismic-reflection system employs a 2600 cm3 (160 In3) air-gun sound 

source, and an 800 m weight-stabilized two-channel streamer. Two 50 m long transducer sec 

tions are towed 500 to 600 m behind the air-gun which is fired every 10 seconds. Two-channel 

data is recorded real time on a MASSCOMP computer and displayed on a graphics monitor set 

to receive a one-channel, 2.3-second analog record. Two, single-channel analog hard copy 

records are produced on Raytheon line scan recorders (LSR), one 8 seconds and one 6 

seconds in length. The memory function on the six second record was used to print at a con 

stant orientation (west and north are on the left, east and south are on the right). At a speed of 

8.5 knots, vertical exaggeration is about 4:1 on the 6 second record and about 20:1 on the 8 

second record. The MASSCOMP computer crashed several times during the cruise owing to 

system errors. During the last week, problems were experienced with the change over between 

tape drives and bringing the 01 drive on line following line changes. In the former case, the 

tape would write 20 to 700 shots to tape and then unwind tape inside the drive. The latter case 

resulted in the load and high density lights flashing. On Day 49 the 01 drive was replaced.

The two-channel seismic-reflection system was deployed on Day 030/2110 hrs. No prob 

lems with the streamer were experienced during the cruise. The air-guns required routine 

maintenance 3 times during the cruise. A problem with the solenoid (Day 042) occurred after 

the second servicing and shortly after the third (Day 049) an air hose developed a puncture. 

Final recovery was at Day 051/1707 hrs.

Navigation Systems

Shipboard positioning consists of two navigation systems. The first system called the ABC 

system, is operated by RVS and is described in detail by Normark et al. (1987). The ABC sys 

tem is now used to record navigation, piece together the alternate types of navigation fixes to 

produce the final "best navigation" computer file. The system then merges the final navigation 

data with the geopotential and bathymetric data to produce plots, graphs, printouts and tapes of 

the different data types.
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The second system is the USGS in-house navigation system that is described briefly here 

and in more detail by Gann (1988). The USGS system consists of a navigation program that 

runs a real time graphic steering display using an IBM PC XT. Two monitors display the steer 

ing information. One monitor is located on the bridge where it is used for steering and one is 

located in the geophysics lab where progress is monitored and navigation sensors are selected. 

The navigation program processes Loran signals from a Northstar 7000 receiver to do direct 

ranging on Loran stations (rhorho navigation), and also receives Global Positioning System 

(GPS) fixes from a Trimble 4000 receiver. GPS is the most accurate and was available for 21 

hours/day for most of the cruise and almost 24 hours/day during the last week. Rhorho is gen 

erally the selected navigation aid when GPS is not available however, for the first half of the trip, 

rhorho wandered and transit satellite fixes with dead reckoning between were used for the final 

navigation when GPS was down. During this cruise the USGS navigation program was modified 

to continuously send rhorho fixes as well as GPS and selected sensor data to the ABC system 

for processing.

GLORIA Long Range Side-scan Sonar System

The GLORIA vehicle was launched on Day 030/1955 hrs and data recording started at 

2007. On Day 037/0155 hrs the No. 5 starboard pulse power amplifier failed due to a malfunc 

tioning protection circuit. The problem was quickly remedied, without loss of data, by switching 

in another amplifier. On Day 041/1415 hrs the signals from the vehicle's depth, pitch and roll 

sensors failed after heading several hours into a heavy swell. A new line was occupied to 

reduce the stress on the tow cable and all sensors were again operable. Heading into heavy 

seas on Day 049 again stressed the vehicle tow cable resulting in intermittent readings from the 

vehicle heading sensor. The loss of heading data degraded the GLORIA images and the line 

was aborted and a calmer course selected. Fortunately, there was no further loss of data on any 

of the following survey lines.

To avoid spurious echo returns, signal transmission was suspended during course 

changes. The system operated continuously until the termination of the survey at Day 051/1707
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hrs, when GLORIA was recovered.

The deployment and operation of the GLORIA system is covered in detail in IOS GLORIA 

logs. Technical descriptions of the GLORIA system are available in Somers et al. (1978) and 

Laughton (1981). A summary of the GLORIA pass record and the number of files is presented 

in Appendix 2. Note that one pass equals 6 hours.

GLORIA Shipboard Image Processing

The techniques employed in shipboard processing are described in detail in Normark et al. 

(19S7 and 19S9). Problems with identical exposure times producing lighter or darker prints were 

intermittently experienced during the development and printing of the passes during the entire 

cruise. Worn plastic gears in the timer box are believed to be the cause of the variation. Spe 

cial shading techniques, such as those used by Normark et al.(1989), were not applied. Follow 

ing the photo printing of the GLORIA passes, the images were laid down over corrected and 

smoothed navigation plots and mosaicked.
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RESULTS 

The following outline organizes the topics addressed:

1. Characterization of seismic-reflection data

1a. Reflector characteristics on 3.5 kHz profiles 

1b. Reflector characteristics on air-gun profiles

2. Cretaceous seafloor and volcanic features 

2a. Seafloor spreading fabric 

2b. Murray Fracture Zone 

2c. Lava flows 

26. Volcanic ridges
i

2e. Rift zones

3. Sedimentation

3a. Bedforms

3b. Submerged terraces

3c. Canyons and gullies

4. Mass wasting features

4a. Debris avalanches

4b. Slides

4c. Progressive slumps

Characterization of Seismic-Reflection Data

1a. Reflector characteristics on 3.5 kHz profiles

The sediment cover seen on 3.5 kHz profiles is classified into 5 distinct units; 1) a tran 

sparent layer, 2) hyperbolic reflectors, 3) a prolonged reflector, 4) a stratified unit, and 5) an 

opaque reflector.
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The transparent layer is characterized by a short moderate to strong water bottom 

reflection, with thickness ranging from 5 to 50 ms (fig. 2). Occasionally, this layer is internally 

stratified with a few discontinuous reflectors. This sequence is most prominent at the southern 

outer fringes of the survey area and over the seafloor spreading fabric in the west where it 

drapes the horst and grabens with 10 to 50 ms of sediment (fig. 2). The relatively thick uninter 

rupted nature of this unit suggests that it is primarily pelagic, and is occasionally interbedded 

with a thin ash layer or lense. This unit typically overlies the prolonged or hyperbolic reflectors.

Irregular, overlapping hyperbolas with widely varying vertices constitute the second 

reflector type (fig. 3). Hyperbolics found over sedimentary features such as landslide deposits 

are poor to moderately reflective; the subbottom reflection is either absent or stratified. Occa 

sionally, these hyperpolea are draped by the transparent layer. Hyperbolics found over volcanic 

bedrock are moderate to highly reflective and the subbottom reflection is opaque. Generally, the 

latter are not draped by sediment.

The prolonged reflector is characterized by a semi-prolonged to prolonged, fuzzy to sharp, 

moderate to strong reflection (fig. 4). Occasionally, the prolonged reflector is interrupted by very 

thin or faint stratification suggesting the sequence is likely composed of highly reflective votean- 

iclastic material, derived from the Hawaiian Ridge. Rapid deposition, strong bottom currents or 

erosion have kept this sequence homogenious, devoid of the transparent pelagic layer during 

deposition. Deposits found close to the Hawaiian Ridge appear to have little if any transparent 

drape suggesting active bottom currents or a consistent source of volcaniclastics. However, 

farther away from the ridge (near the seafloor spreading fabric) the prolonged reflector is 

covered by up to 40 ms of transparent drape.

The stratified unit varies from numerous sharp, high frequency, parallel reflections to 

several sub-parallel, semi-prolonged reflections (fig. 5). This sequence is located only in the 

more distal regions of the survey area south and west of the Hawaiian Ridge and in deep 

basins. Thickness ranges from 10 to 40 ms. The primary deposftional agents are probably turbi 

dity and bottom currents (Wallin, 1982). This unit gradually grades into a discontinuous, stratified
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unit or with decrease in bed thickness into the prolonged layer.

The opaque reflector is extremely prolonged, very diffuse and generally lacks a distinct 

upper surface (fig. 6). This unit is only visible in the far northwestern comer of the survey area, 

over near surface lava flows, and beneath hyperbolic reflections found over volcanic basement. 

Hence, the origin of this unit appears to be volcanic basement rock and/or lava flows.

1b. Reflector characteristics on air-gun profiles

The air-gun profiles exhibit two general reflection signatures within the survey area: 1) 

hyperbolic reflectors and highly reflective sequences, and 2) horizontal, highly stratified layers, 

generally filling areas of low relief.

In areas of rough topography and basement outcrops the reflectors are characterized by 

multiple hyperbolic returns, presumably from short discontinuous reflectors and by highly 

reflective returns that often generate several multiples (typical on the Hawaiian Ridge). Gen 

erally, these reflectors are interpreted as echoes from igneous rocks and correlate with features 

of high-backscatter on the GLORIA imagery, which, are identified as either as volcanic 

seamounts, lava flows, or volcanic basement rocks of the Hawaiian Ridge.

The second reflector type is horizontal and well-stratified, filling areas of low relief. The 

reflectors truncate against steep basement structures rather than drape them. The sequence is 

likely composed of volcanogenic turbidites and hemipelagic deposits derived from the Hawaiian 

Ridge or from nearby seamounts.

2. Cretaceous Seaftoor and Volcanic Features

2a. Seaftoor Spreading Fabric

Cretaceous seafloor spreading fabric is faintly imaged in the westernmost portion of the 

survey area beyond 180° longitude (fig. 7a). The characteristic horst and graben structures 

appear on the GLORIA images as faint, high and tow-backscatter linear streaks that can be 

traced up to 45 km, and are spaced from 1 to 30 km apart. Sediment cover is as great as 40
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ms (30 m), which accounts for the subtle contrast in the images. The horsts trend 340° and 

offsets range between 10 to 100 m (fig. 2). The fabric can be traced obliquely about 250 kilom 

eters across the survey area, covering over 30,000 km2.

East of 180°, the horst and graben fabric is absent on the GLORIA imagery. However, a 

large bedform field is visible on the imagery just east of 180° (fig. 7b). These bedforms trend 

parallel to the adjacent horst and graben fabric to the west (see section on bedforms).

The variations in backscatter intensity associated with the spreading fabric may be caused 

by topographic relief. This is not to say, that changes in the sediment thickness over the indivi 

dual horsts and grabens significantly effect the backscatter contrast as suggested by Kayen et 

al. (1990). However, the sediment thickness present in this area (up to 30 m or 40 ms) only 

serves to reduce the backscatter contrast between high and low areas. We do not see long 

continuous individual horsts that can be traced for over 45 km. We believe this to be consistent 

with what is seen on GLORIA data north of the island of Hawaii. North of the Hawaiian Ridge 

the lineations are seen as continuous very high-backscaner, high contrast structures that are 50 

km or less in length. We feel that the inability to map these individual features for long dis 

tances may be caused by changes in offsets due to warping and buckling along the faults.

Magnetic anomalies across the western survey area match anomaly chrons M1 to M5 

(about 120 to 130 Ma)(Atwater and Severinghaus, 1989). The anomalies extend between 178° 

W and 177° 40'E and 26° 30'N and 28° 30'N, and include the area of horst and graben struc 

tures as well as the adjacent region between 180° and 178°W, where the horst and graben 

structures are not evident. Examination of seismic-reflection profiles suggests that the oceanic 

crust east of 180° is smoother, unlike the pronounced horst and graben structure of the crust to 

the west. The difference between the two crustai types may be caused by an increase in 

spreading rate for the eastern region.
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2b. Murray Fracture Zone (MFZ)

GLORIA images north and south of the survey area (cruises F12-89-HW, F13-89-HW, F1- 

90-HW, and F10-91-HW) show the MFZ trends 255° and should intersect Northampton 

Seamounts. The only likely evidence of the MFZ on the GLORIA images is a faint lineation that

extends for 33 km on the southern edge of the survey area between 173°15'W and 173°35'W 

(fig. 7d). This lineation is directly in line with those mapped to the north and south and also 

trends 255°. Air-gun records collected just north of the image show that it trends towards a 

thick (0.6 s) sedimentary basin.

2c. Lava flows

Lava flows are found in the central portion of the survey area (fig. 7b, 7c and 7d). The 

flows commonly have irregular boundary's and little or no relief similar to those imaged on the 

North Arch flows north of Oahu (Clague et al., 1989; Normark et al., 1989; Clague et al., 1990). 

Acoustically, the flows show a weak, opaque reflection on 3.5 kHz profiles that are defined by 

abrupt lateral boundaries. Most of the flows imaged appear on the GLORIA mosaic as faint, 

mottled, high-backscatter features unlike the younger flows found further to the east(Normark et 

al., 1989, and Torresan et al., 1989). This difference may result from older age, thicker sedi 

ment cover, sediment composition, flow thickness, and to some extent problems experienced 

developing the GLORIA photographs (see section on GLORIA Shipboard Image Processing).

West of Lisianski Island lies the largest flow imaged, about 5600 km2 in area (fig. 7c). The 

possible origin and total extent of the flow is masked by numerous large mass wasting features 

deposited on top of and east of the flow. The travel path is predominately westward through 

hummocky terrain, and follows a moderate topographic slope to the west. The flow is shown on 

GLORIA imagery as a mottled, medium to high-backscatter feature, having irregular boundaries 

and many lobes. Near the landslide deposits, the lava flow is imaged through 25 ms of sedi 

ment cover. The distal lobes are more visible on the GLORIA images and also have less sedi 

ment cover (about 10 ms).
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Up to 30 ms of transparent sediment overlies the lava flow east of south-Northhampton rift 

obscuring its extent and margins (fig. 7d). The one crossing of the feature on line 5 shows that 

the flow occupies a structural depressbn. It is unclear if the flow extends further to the west. 

GLORIA imagery west of the flow shows a mottled mixture of high and low-backscatfer, and the 

seismic profile displays a hummocky, prolonged reflector. The origin of this flow is also unclear. 

The region north of the flow is dominated by mass wasting features, which may obscure its 

northern extent. The southern margin lies outside the survey area but does not lead to a clear 

source. This flow may be a sheet flow emerging from a fissure on the flanks of the rift or from 

eruptions flowing south from Northhampton Seamount.

South of the pass between Laysan Island and Maro Reef resides another faint medium to 

high-backscatter feature on GLORIA that we interpret to be a lava flow (fig. 7d). The feature 

lies between lines 16 and 18 and does not cross a geophysical trackline, therefore the acoustic 

character and overlying sediment thickness is unknown. Numerous landslide blocks (up to 2 km 

wide) are littered over roughly half of the 1000 km2 flow. The source of the flows may be two 

small sea mounts imaged adjacent to the flow or it is hidden by mass wasting deposits to the 

west.

The last flow feature is interpreted as a channelized lava flow trending 225°, situated south 

of Maro Reef (fig. 7d). The channel extends for over 70 km and is 6 to 8 km wide. At the ter 

minus of the channel, the flow makes a sharp southeasterly bend and fans into 3 major lobes. 

GLORIA imagery shows the central channel flows as high-backscatter crenulations. 3.5 kHz 

profiles show that the channel is shallow and broad ranging from 60 m deep and 6 km wide on 

line 18, and 15m deep and 8 km wide further south on line 16. Acoustically, the crossing on 

line 18 shows small hyperbolic reflections, and on line 16 the reflections are weak but opaque. 

The imagery of the 3 major distal lobes is faint. The 2 southernmost lobes appear on GLORIA 

images as mottled but higher-backscatter than the northern lobe. One crossing of the southern 

most lobe on line 5 show weak opaque reflections partly capped and bounded to the east and 

west by prolonged reflectors. The northern lobe is significantly different In appearance. The
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image appears as high-backscatter streaks that branch out in long sinuous fingers. No track- 

tines cross the northern lobe, and its appearance suggests a more sedimentary origin. Acoustic 

evidence for the rest of the feature suggests an igneous origin that may or may not overlie or be 

overlain by turbidites. The channelized flow appears to overlie a blocky landslide deposit. 

Covered blocks may be responsible for the crenulated appearance of the channelized flow. 

These crenulations may result from other flow features, or sediment gravity flow deposits.

2d. Volcanic Ridges

Necker Ridge

The northern end of Necker Ridge is imaged in the eastern comer of the survey area, 

south of Necker Island (fig. 7f). The ridge is up to 15 km wide and is imaged along its length for 

90 km. Seismic profiles show the ridge to rise 1300 m above the surrounding seafloor. One 

central axis volcanic cone is imaged 25 km south of its northern end.

The origin of Necker Ridge remains unknown. The linear trend of the ridge suggests that 

it could be a leaky transform or failed spreading center. Saito and Ozima (1977) recovered an 

alkalic basalt from the ridge that yielded a date of 82 Ma. Since fracture zone volcanism is usu 

ally tholeiitic it appears that Necker Ridge is likely a failed spreading center.

2e. Rift Zones

An impressive feature of this GLORIA data set is the visibility and configuration of the sub 

marine rift zones. Over 20 submarine rift zones have been identified in the GLORIA imagery of 

the survey area and show that rifts are a significant role in the development of the Hawaiian 

Ridge (fig. 7b, c, d, e and f). Generally, the rifts appear on GLORIA imagery as high- 

backscatter, elongate ridges that have tapered and rounded terminations, and a coarse, pitted, 

almost blurred texture. The flanks are steep sided and show little if any evidence of mass wast 

ing. Some of the rifts have low-backscatter summits that may represent depressions, fissures or 

rift zone grabens.
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The following discussion will focus on only the major rifts imaged in the survey area. 

Specifically, those imaged off Pioneer Bank and Northampton Seamounts.

Pioneer Bank Rift System

The southern flank of Pioneer Bank is dominated by three parallel rifts (fig. 7d). The 

western rift, the largest of the group, extends south from Pioneer Bank for 80 km and is 15 km 

wide, trending 190°. The central rift appears to originate on the east flank of the bank, is visible 

for 60 km south of Pioneer Bank, and is 14 km wide. The northern end of the central rift is 

separated from the western rift by 10 km however, its southern end bends slightly westward and 

may join the western r'rft. A few kilometers to the east is the eastern rift that extends 60 km 

south of the eastern flank of Pioneer Bank and is 8 km wide.

Northhampton Seamounts Rift System

Five rifts are associated with the Northhampton Seamounts (fig. 7d). The two western 

most rifts are the smallest of the group and extend 25 km to the northwest and 40 km to the 

southwest from a central source located at 25°44'N and 172° 56'W (fig. 7d). Extending eastward 

from the western rifts appears to be a 60 km long rift zone that trends 100°. The crest of this 

eastward rift is too shallow to be imaged by GLORIA but the continuous nature of the north and 

south flanks implies that it too is probably a rift. Extending almost due south from what appears 

to be the eastern end of the eastward rift lies the southern rift, the largest rift imaged in the 

study area. The southern rift is at least 25 km wide and is imaged for 90 km in the study area 

and continues for another 10 km farther south. On the northern flank of the central Northhamp 

ton Seamount, situated between the central seamount and Laysan Island, is the last rift of this 

group. This northernmost rift is imaged for 50 km, is 15 km wide and trends 130°.
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3. Sedimentation

3a. Bedforms

A large approximately 11,000 km2 bedform field is imaged south of Kure Island and Nero 

Seamount (Fig. 7d). The field extends roughly 90 km offshore and is seen along line 9 for 150 

km. The Cretaceous seafloor spreading fabric dominates the seafloor west of the field and 

several large lava flows bound it on the east. The major trend of the bedforms field is the same 

as the Cretaceous spreading fabric, 340°. The bedforms, in plan view, have sinuous crests, with 

wavelengths ranging between 10 to 30 km. In cross section, the bedforms range from 10 to 25 

m in height and wavelengths range from 1.5 to 5 km. Along part of line 9 (fig. 8) the bedforms 

appear to be migrating upslope as evidenced by the deposition of the transparent layer only in 

the upslope or lee side of the feature. A crossing of line 11 (fig. 9) farther west shows cross 

bedding completely covered by 10 ms of the transparent layer showing that these features have 

also been active in the past.

Little is known about the bottom currents active in this area. 3.5 kHz profiles show the 

bedforms migrating upslope (figs. 8 and 9). Air-gun profiles show that the basement structure 

below the bedforms is relatively smooth, contrasting with the rugged features associated with 

the seafloor spreading fabric imaged to the west. Increased spreading rates can account for the 

smoother basement observed beneath the bedform field. Perhaps, the smoother seafloor pro 

vided an ideal platform for the development and migration of these features.

3b. Submerged Terraces

The GLORIA imagery shows three areas that may be submerged reef terraces. These 

areas consist of 3 to 5 narrow bands of high-backscatter on the sonar images. Similar features 

on Haleakala Ridge off Maui have been imaged by GLORIA (Holmes et al., 1987) and subse 

quently sampled and identified as coral reefs (Clague et al., 1988; Moore et. al., 1990). Similar 

features are also visible on sonar images collected on the Kohala Terrace (Moore and Clague, 

1988), offshore of the Kona coast of Hawaii (Moore and Clague, 1987), off the east coast of
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Mauna Loa's southwest rift zone (Moore et al., 1990), to the south of the island of Lanai 

(imaged on cruise F5-86-HW), along the north rift zone of St. Rogatien Bank, and near Necker 

Island (Torresan et al., 1991).

The first set of terraces is located on the northeast flank of Pioneer Bank (fig. 7d) and con 

sist of a series of 5 terraces, 10 km in length and 2 km wide, in roughly 800 m of water. The 

second set contains 3 terraces that are over 1 km wide and extend for over 15 km along the 

southeast flank of Maro Reef in 1200 to 1400 m of water (fig. 7e). The third also consists of 3 

terraces that run for 20 km along the northern flank of La Perouse Pinnacle (fig. 7f) and are 2 

km wide in 600 to 700 m of water. The only features that are visible on geophysicial lines are 

those found off La Perouse Pinnacle (line 42), thus, water depths reported for the others are 

estimates.

Reconstruction of sea surface isotherms back to the Tertiary (Clague and Dalrymple, 1987, 

modified from Greene et al., 1978) show that surface temperatures were marginal for growth of 

corals from 5-15 Ma at the latitude of Hawaii and too cold before 15 Ma. Sampling, submersible 

work and subsequent dating of volcanic samples shows that subsidence rates for the islands 

and glacioeustatic sea-level changes account for the variations in water depths that these 

features are found (Torresan et al., 1991). Likewise, age, changes in subsidence rates, and 

sea-level changes are the likely reason these three sites are found at different water depths. 

Torresan et al. (1991) suggest that these features may also be caused by bryozoan-alga! reefs, 

which tolerate cooler temperatures. Definitive answers to questions like late-stage subsidence 

rates and surface water characteristics must await sampling.

3c. Canyons and gullies

The upper flanks of the Hawaiian Ridge imaged during this cruise are dominated by 

numerous canyons and gullies that were probably incised during lower stands of sea level (figs. 

7c-7f). GLORIA imagery shows these features as numerous high-backscatter strands that either 

coalesce downslope to form one main channel (see fig. 7d off Maro Reef) or branch out 

downslope, forming a dendritic or "birdsfoot" pattern (see fig. 7c off Salmon Bank). These
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features are imaged throughout the Hawaiian Ridge and many are probably still active conduits 

for the transportation of sediment downslope.

4. Mass wasting features

The mass wasting features that have modified the southern flank of the Hawaiian Ridge 

from Necker Island to Kure Island can be divided into two major categories as classified by 

Varnes (1978): debris avalanches and earth, or rock slides (ie slumps and debris slides, see 

explanation below). Sometimes the two are superimposed on one another.

Slides are defined as deposits produced by translational or rotational movement along one 

or several surfaces (Varnes, 1978). Rotational slides are more commonly called slumps and will 

be referred here as such. Slumps are failures caused by a turning movement about a point or 

axis producing a surface of rupture that concaves upward (Vames, 1978). Five progressive 

slumps have been identified in the surveyed area and are addressed in a separate section. The 

translational slides imaged in the study area are more commonly known as debris slides. In 

translational slides movement is predominantly along planar or gently undulatory surfaces 

(Varnes, 1978). These surfaces may be structurally controlled by planes of weakness such as 

faults and bedding planes or contacts between firm bedrock and overlying detritus. Because little 

or no data exists parallel to the direction of movement for most of the failures along the 

Hawaiian Ridge it has been difficult to distinguish between the two types of failures and these 

features have been referred to as just slides.

There exists a complete gradation from debris slides to debris avalanches as movement 

becomes much more rapid (Varnes, 1978). In debris slides the moving mass breaks up into 

smaller and smaller blocks as it progresses toward the base of the slope. However, the move 

ment is usually slow and does not travel far past the base. In debris avalanches, the movement 

is rapid and likely catastrophic, and the mass actually liquefies, at least in part, and advances 

well beyond the base of the slope (Varnes, 1978).

The mass wasting deposits imaged in the western Hawaiian Ridge differ from those 

imaged off the eastern Hawaiian Islands. The eastern islands are dominated by debris
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avalanches whereas the western ridge shows an abundance of slumps and debris slides. It 

may be that catatrophic failures such as debris avalanches are more active during the younger 

phases of shield building and as the volcanoes age they fail more gradually and these subse 

quent failures bury the younger ones.

4a. Debris Avalanches

Adhering to the classification described above there exists 2 major debris avalanches 

found south and west of Necker Island; Lisianski and Gardner debris avalanches. However, a 

strong possibility exists that some of these failures are buried and are no longer easily recogniz 

able on GLORIA imagery. The Hawaiian Ridge ranges from 10 to over 30 Ma along the sur 

veyed region and subsequent failures and sedimentary deposits likely have buried failures 

formed earlier. Seismic data coverage collected on this cruise is not sufficient to rule out the 

possibility that some features interpreted as Cretaceous(?) ridges on Figure 7 could be buried, 

distal, debris avalanche blocks (ie see fig. 7e west of Gardner debris avalanche).

Lisianski Debris Avalanche

The largest debris avalanche mapped in the study area is located on the southwest flank 

of Lisianski Island (fig. 7c). The failure covers roughly 9000 km2 making it the fourth largest 

failure mapped along the Hawaiian Ridge. Both the north and southwest flanks of the island 

have failed, however, neither is totally imaged in the study area. Since only the uppermost 

deposits on the north flank are imaged in the data coverage the following discussion will focus 

on the southwest failure.

Lisianski debris avalanche is at least 70 km wide and has traveled over 125 km (90 km are 

imaged in the survey area). The most distal part of the deposit appears to have traveled up and 

over bedrock highs suggesting extremely rapid movement and emplacement. Blocks located 

near the terminus of the failure reach 4 km across, where as, more proximal blocks reach 8 km 

in size.
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Large canyons and gullies are incised into and dominate the upper slopes of the failure. 

They appear as long, narrow high-backscatter strands on GLORIA imagery and typify most of 

the island flanks and failure headwalls (Moore et al., 1989; Torresan et al., 1991). To the west 

the failure overlies a large lava flow. The debris deposits located directly south of the island join 

and probably overlie Lisianski slump located at the base of the slope (fig. 7d). It is doubtful that 

this deposit represents one single episode of failure. Three lobes can be identified on the 

GLORIA imagery and may represent separate failures. On GLORIA imagery, the deposit shows 

numerous high-backscattered blocks overlying a low-backscatter background. Seismic profiles 

collected along lines 5, 16 and 26 show hyperbolic reflections from rugged topography occasion 

ally draped by poorly stratified deposits .

Gardner Debris Avalanche

Extending 110 km to the southwest of Gardner Pinnacles is Gardner debris avalanche (fig. 

7e). Only the southern half is exposed because of the subsequent failure of Gardner slump, 

which apparently covers this part of Gardner debris avalanche. The landslide is seen on

GLORIA imagery to be 85 km wide making its total area 7000 km2. On GLORIA, the southern 

half of the debris avalanche shows discreet high-backscatter blocks ranging from 1-2 km in size 

and less distinct elongate high-backscatter features that may be buried larger blocks, scarps or 

ridges. The 3.5 kHz profiles along lines 5 and 32 show hyperbolic reflections with 10 ms and 60 

ms of sediment cover respectively. Line 32 also shows a moderate slope to the west.

At least 2 episodes of failure can be mapped on the feature. The preservation of the 90 

km long toe scarp at the base of Gardner slump tells us that the debris avalanche is the older of 

the two failures (see section on Gardner slump).

4b. Slides

Varnes (1972), defines slides as deposits produced by translational or rotational movement 

along one or several surfaces. However, the seismic data coverage of the area is limited and 

was collected parallel to the ridge and therefore perpendicular to the direction most of the
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failures have travelled. Consequently, for some failures the ability to determine if it was pro 

duced by translation or rotation is not possible. If the mode of failure is unknown we call these 

failures simply slides. If we have data that suggests the failure was rotational we call these 

failures slumps. Likewise, if the data implies translational movement such as a high concentra 

tion of discrete blocks that do not travel far past the base of the slope we refer to these deposits 

as debris slides.

The majority of the western Hawaiian Ridge imaged in this survey, has failed as slides. 

Consequently, we focus our discussion below on a few of the most prominent failures.

Maro Slide

Maro slide is located south of Maro Reef, and is imaged on GLORIA for 55 km of its 

length and 45 km of its width (fig. 7e). The direction of movement is to the south. Bounding the 

slide on the west, is a moderate size debris slide with blocks up to 4 km wide. Presently, it is 

unclear which of the two failures is younger. To the east the slide is bounded by a south trend 

ing rift zone. A prominent toe scarp extends for 18 km along the base of the slide and several 

small failures radiate from it. North of the slide the coastline is relatively straight and a series of 

3 apparent terraces or reefs are visible just north of 25°N (fig. 7e). The 3.5 kHz profile collected 

along line 32 shows a prolonged flat return just north of the terraced zone.

On GLORIA Maro slide has a very "wrinkled" appearance produced by high and low- 

backscatter targets that are caused by numerous scarps and/or ridges, separated by sediment 

filled depressions. 3.5 kHz data collected along line 18 shows hyperbolic returns from two steep 

sided ridges that are situated on either side of the slide. A definitive classification of this feature 

is not possible. The slope parallel ridges shown on geophysical profiles suggest that the failure 

might be translational. However, without a cross-sectional view we have little confidence sug 

gesting a mode of failure.
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Gardner Slump

Gardner slump is boated along the southeastern flank of Gardner Pinnacles and is the 

largest slump mapped in along the Hawaiian Ridge (fig. 7e). According to Varnes' (1978), this 

feature is a rock slump. The western side of the slump overlies half of Gardner debris avalanche 

(see section on Gardner debris avalanche). GLORIA imagery shows the failure to be 50 km 

long, 160 km wide and covers and area about 8000 km2. The two most striking features of this 

slump are the prominent toe scarp and the basin produced by the back rotation of the slump 

block.

The toe scarp is imaged on GLORIA sonargraphs continuously for 90 km (fig. 7e). The 

eastern half is imaged boking in the upslope direction and shows the feature as a high- 

backscatter scarp. The western half was imaged in the downslope direction, giving no return
if-'

from the steep scarp and therefore appears as a low-backscatter crack. Numerous small debris 

slides are shown radiating from the scarp at the eastern end that probably result from talus and 

debris shedding off the steep toe scarp.

The back-tilted basin is located on the eastern half of the slump roughly 10 km south of 

Gardner Pinnacles. The basin is shown on GLORIA imagery as a 9 km wide, 55 km long zone 

of low-backscatter. On line 32, the headscarp is viewed from the downslope direction and is too 

steep to give a good return. Likewise, the crown of the slump has rotated far enough 

downslope, that when viewed from the upslope direction on line 18, it too is unable to send a 

good return to GLORIA.

The eastern half of the slump appears to be more coherent than the western side. 

GLORIA imagery shows the western half has a "wrinkled" appearance of high and low- 

backscattered features. Seismic-reflection data along line 18, shows that the western side has 

several steep peaks or ridges and the eastern side is far less rugged. This difference is possi 

bly caused by the presense of large blocks previously deposited by the older Gardner debris 

avalanche. The continuation of the 90 km toe scarp at the base of the slump into the western 

half proves that the slump is the younger failure.
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Brooks Slide

Brooks slide is located on the southwest flank of the ridge joining Brooks Bank and La 

Perouse Pinnacle. We have termed this feature a slide as defined by Vames (1978) because we 

are not able to distinguish the mode of failure as rotational or translation^ or a combination of 

both. The failure is imaged for 120 km along the slope and 45 km downstope. Both northeast 

and southwestern limits of the failure appear to be bounded by major drainage systems, as 

shown by the high-backscatter on GLORIA, typical of gullies, chutes, and canyons evident along 

the whole ridge. South of the failure several buried Cretaceous (?) ridges up to 20 km long are 

imaged.

The upper slope of the slide is dominated by canyons and gully systems. On GLORIA the 

lower half appears "wrinkled" by linear high-backscattered targets. These targets are most likely 

produced by numerous scarps and/or ridges. The 3.5 kHz profiles along lines 43 and 38 show 

hyperbolic reflections typical of rugged topography. The terminus of the slide is defined by a 

discontinuous toe scarp. The toe scarp consists of 4 segments one of which is 35 km long. 

The discontinuous nature of the toe scarp may represent separate phases of failure or subse 

quent removal of portions of the scarp by younger mass wasting events.

4c. Progressive Slumps

Five progressive slumps, as defined by Varnes(1978), have been mapped in the surveyed 

area and appear on the lower flanks of Nero Seamount, Salmon Bank, Lisianski Island, east 

Northampton Seamount, and Necker Island (fig. 7b-7f). In general, these failures share several 

distinguishing characteristics. Most of the slumps appear at the base of an unbuttressed flank 

of an older Hawaiian volcano but are not associated with rift zones. All appear on GLORIA 

images as alternating high and low-backscatter, narrow, sinuous, and slightly arcuate bands. 

Some evidence also shows that the failures are only visible on GLORIA imagery if they are 

covered by at least 10 ms of transparent sediment. Where available, the data also shows that 

both fault offsets and sediment cover decreases downstope. Generally, the slumps appear to 

expand in width downstope and the length-to-width ratio for most is 1 or less. Finally, the width
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of individual rotated blocks for all of the slumps is the same, 1 to 5 km (figs. 3, 7b-7f).

In keeping with the classification defined by Vames (1978) this group of mass wasting 

features are best termed progressive slumps. Vames (1978) suggests that the term progressive 

should be applied when the direction of extension is unknown or in both upsbpe and downslope 

directions. Because of the paucity of seismic-reflection data perpendicular to the slumps the 

exact mode of failure is not yet known, thus we have termed these progressive slumps. These 

failures may be shallow successive or stepped, rotational slips involving only the upper few hun 

dred meters of sediment or much deeper multiple rotational rock slides with a common deep- 

seated slip sole. 3.5 kHz records only image the upper 100 m of sediment and give no infor 

mation about the basal surface of failure. Likewise, hyperbolic reflections on unprocessed air- 

gun records do not yet yield any information about how deep the faults extend into the flanks of 

the seamounts. Further processing and migration may resolve this issue. However, the arcuate 

nature of the failure appears to limit the ability of these individual blocks to be continuous for 

long distances (the longest scarp measures just over 25 km in length). The arcuate shape com 

bined with the concave surface of failure may also limit the strength of the blocks in depth.

The progressive slumps appear to be restricted to the older islands and seamounts along 

the chain. Unanalyzed data collected on the northern side of the Hawaiian Ridge also shows 

features on GLORIA imagery similar to these (see data collected on F10-91-HW). However, 

these features are not visible on GLORIA imagery for any of the islands younger than Niihau. 

The areal extent of these features varies greatly. However, most are bounded or covered by 

large btocky debris slides suggesting that their extent may be much greater than that observed.

It is unclear if these failures are a late stage development along the chain or are just hid 

den from GLORIA'S view on the younger islands because of poor sediment cover. Geophysical 

profiles collected off Salmon Bank slump show rotated blocks with little if any sediment cover 

that are not imaged by GLORIA.

The following sections are more detailed descriptions of each of the 5 progressive slumps 

mapped in the survey area.
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Nero Slump

Nero slump is boated in the far western portion of the surveyed area (fig. 7b), roughly 40 

km south of the summit of Nero Seamourrt. The failure is bounded on the west by a small 

seamount, to the southeast by a small lava flow and to the southwest by the large bedform field. 

The feature is interpreted as a progressive slump based on its similar appearance on GLORIA 

images to failures mapped farther to the east (ie. Salmon Bank slump). On GLORIA imagery, 

the slump appears as narrow, sinuous, high-backscatter bands that are most likely reflections 

from the head scarps separating rotated blocks. The slump contains at least 11 successive fault 

scarps that can be mapped laterally for up to 16 km and are separated by blocks that are 1 to 3 

km wide. Line 11 is the only geophysical line to cross the feature and unfortunately crosses it 

parallel to strike. The 3.5 kHz profile shows hummocky reflections with little or no transparent 

drape at the base of the slump.

Salmon Bank Slump

Salmon Bank slump is located on the lower flank of Salmon Bank about 40 km south of 

the summit (fig. 7c). GLORIA imagery, shows the failure is composed of sinuous, narrow, high- 

backscatter bands, 1 to 4 km apart that arc around the base of the seamount for 50 km and rise 

up the eastern flank a distance of 35 km. The area imaged by GLORIA covers 1750 km2 how 

ever, 3.5 kHz profiles collected along line 7 show that the failure extends 100 km along the 

length of the southern flank. The uppermost slope of the seamount is covered with sediment 

and shows extensive channeling. A debris slide containing blocks up to 3 km wide litter the 

southeastern portion of the slump.

The high-backscattered bands can be identified on 3.5 kHz profiles as the head scarps of 

the rotated blocks (fig. 3) with displacements ranging from 10 to 40 m. 11 successive scarps 

are visible and one is continuously mappable for over 25 km. Sediment cover measured along 

the clearly imaged scarps on the eastern portion of line 7 show a uniform 25 ms of transparent 

drape. The western segment of the line that is not imaged by GLORIA shows little if any sedi-
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ment cover.

Lisianski Slump

At the base of Lisianski Island is located Lisianski slump, roughly 70 km southeast of the 

summit (fig. 76, the slump is imaged due south of Pioneer Bank). Sonar images of the progres 

sive failure show the characteristic narrow, sinuous, high-backscatter bands seen on similar 

features mapped in the surveyed region. Six scarps are imaged separated by blocks ranging 

from 1 to 5 km in width. The longest continuous scarp mapped is 13 km long. The 3.5 kHz 

profiles collected along line 5 show that vertical displacements are as great as 100 m and sedi 

ment cover is up to 40 ms thick. Profiles also show the failures continue to the base of the 

slope. However, sediment cover is thin or absent near the base of the slope where the fault 

scarps are poorly imaged.

GLORIA imagery shows that Lisianski slump is about 20 km long down slope and 30 km 

wide covering an area of 600 km2. However, a massive debris avalanche covers most of the 

region west of the slump and likewise, farther up the slope possibly masking its total extent. 

East of the failure lies the major rift that extends south of Pioneer Bank. South of the failure a 

small sea mount and it's associated lava flow are imaged (fig. 7d, lower left).

Northhampton Slump

Located at the base of east Northhampton Sea mount, 40 km from the summit is 

Northhampton slump (fig. 7e). The area of the failure, visible on GLORIA imagery is about 1400 

km2. The slump, extends 40 km down slope and is 30 km wide. East of this progressive slump 

resides a partially buried lava flow that is littered with small debris slide blocks. The slope 

above the slump, is also covered by debris slide deposits and is incised by several channels 

and gullies (fig. 7e). West of the failure is another large lava flow that occupies a broad depres 

sion in the seafloor.
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Gloria imagery shows 14 subparallel head scarps as sinuous, narrow, high-backscatter 

bands separated by 1 to 3 km wide blocks. The longest continuous scarp is 20 km long. The 

3.5 kHz profiles collected near the base of the slope along line 5 show hyperbolic reflections 

with 10 ms of transparent drape, having fault offsets of up to 60 m. Farther up the slope along 

line 16, 3.5 kHz profiles show stratified hyperbolic reflections 70 ms thick and scarps reaching 

90 m high.

Necker Slump

Necker slump is located southwest of Necker Island about 40 km from the summit, extend 

ing 15 km down slope and 25 km across the flank of the island (fig. 7f). On the west the failure 

is bounded by Necker Ridge, and to the east lies a debris slide with blocks reaching 2 km 

across. Seven successive fault scarps are visible on GLORIA imagery and appear as sinuous, 

narrow, high-backscatter bands. Each scarp is separated by blocks 1 to 4 km wide, and the 

longest scarp measures 15 km. Line 15 crosses the failure parallel to strike and shows only 

chaotic hyperbolic reflections. Line 2 crosses the slump obliquely showing hyperbolic reflections 

with up to 40 ms of transparent drape and fault displacements of 20 m.

CONCLUSIONS

The data presented in this preliminary report displays a wide and complex potpourri of 

features that show: 1) the Cretaceous seafloor before the Hawaiian Ridge formed; 2) the forma 

tion of the Hawaiian Ridge; 3) how the Hawaiian Ridge has matured through time; and 4) the 

effect of active bottom currents on the sediment shed from the Hawaiian Ridge. Final answers 

to many questions posed in this report await image and seismic processing, and subsequent 

sampling.
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APPENDIX I 

EQUIPMENT SETTINGS AND COMMENTS

LSR Recorder

PTR Transceiver

3.5 kHz SYSTEM

Mode - Continuous 
PAPER -100 Ipi 
SWEEP -1 sec 
PROGRAM - As required 
GAIN - Mid 
CONTRAST - Mid 
THRESHOLD - Min 
GAIN - 6 
POWER - -6db 
PULSE WIDTH - Not used

IOS Correlator

Fish Depth Compensation 10m.

OUTPUT LEVEL - 4-5 
ATTENUATOR-11.5

MUFAX Recorder

10 kHz SYSTEM

ATTENUATOR - -6 to -18
TIME MARKS- 6 min.
PULSE LENGTH- 2.8 to 5
FISH DEPTH- 2x5 m
GATING SELECTOR- 6
FATHOMS/METERS- Meters
TRIGGER (Left/Center)-as required for scale changes
TVG- Use to suppress outgoing pulse
GATING- Use to "see" bottom through outgoing pulse.

Soltec Recorder

MAGNETOMETER

CHART SPEED - 40 cm/hr 
Full scale at 100 gamma range

Soltec Recorder

GRAVIMETER 

CHART SPEED-10 cm/hr
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APPENDIX I (Continued)

LSR Recorder

Krohn - Hite Filter 

MASSCOMP

DMD Delay Box

SEISMIC REFLECTION SYSTEM

DISPLAY -Normal 
STYLUS SCAN- 2 sec 
PAPER-120 Ipi 
MEMORY SWEEP- 6 sec 
FILTER- out 
POLARITY-/+ 
GAIN-10 to 2 O'clock 
CONTRAST- -30 to -40 
THRESHOLD - 2

20-120 Hz

GAIN SETTING: Pre-amp 0 
Post-amp 6 to 18

As required for DWD
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FIGURE CAPTIONS

Figure 1. A) Bathymetry map of the western portion of the surveyed area showing 

trackline coverage. Modified from Chase et al. (1972). B) Trackline map of the 

western portion of the surveyed area. Heavy black lines show locations of figures. 

C) Bathymetry map of the eastern portion of the surveyed area showing trackline 

coverage. Modified from Chase et al. (1972). D) Trackline map of the eastern por 

tion of the surveyed area. Heavy black lines show locations of figures.

Figure 2. 3.5 kHz profile along a portion of line 11 (see fig. 1 for location) showing 

typical horst and graben structure capped by 15-20 ms of transparent drape.

Figure 3. 3.5 kHz profile along a portion of line 7 showing hyperbolic reflections from 

fault scarps caused by rotated slump blocks near the base of Salmon Bank slump 

(see fig. 1 for location). Note the transparent cover of about 20 ms.

Figure 4. 3.5 kHz profile along a portion of fine 16 showing characteristic prolonged 

reflection type (see fig. 1 for location).

Figure 5. 3.5 kHz profile along a portion of line 5 showing numerous sharp, high fre 

quency, parallel reflections characteristic of the stratified reflection unit (see fig. 1 for 

location).

Figure 6. 3.5 kHz profile along a portion of line 41 showing the extremely prolonged, 

very diffuse character of the opaque reflection type (see fig. 1 for location).

Figure 7. Unprocessed GLORIA mosaic and interpretive line drawings for F2-90- 

HW. See explanation and text for details.

Figure 8. 3.5 kHz profile of a portion of line 9 showing the migration of bedforms 

upslope (see fig. 1 for location). Note deposition of transparent layer on upslope 

(lee) side.
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Figure 9. 3.5 kHz profile of a portion of line 11 showing crossbedding covered by 10 

ms of the transparent layer.
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Figure 1. (Continued)
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figure 5.

TWO-WAY TRAVEL TIME (SECONDS)
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Figure 7.
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Figure 8.

TWO-WAY TRAVEL TIME (SECONDS)
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